Electrical or fluid dynamic equivalent networks have been commonly used to model the cerebral vasculature [1] . These approaches must necessarily introduce a number of approximations to the complex structure of the microvascular cerebral network, and their refinements may result in a large number of model parameters. The model presented here is based on a conceptually new approach that results in a set of equations that relate fNIRS (functional near-infrared spectroscopy) and fMRI (functional magnetic resonance imaging) signals to a set of steady state and dynamic parameters that characterize the cerebral hemodynamics and metabolic rate of oxygen. The detailed description of this hemodynamic model has been reported in [2, 3] .
Model equations in the time-domain: Functional neuroimaging
In the general case of time-varying physiological signals (such as those measured with fNIRS or fMRI) the hemodynamic model yields the following equations for the time-dependent concentrations of deoxy-hemoglobin [D(t)] and oxy-hemoglobin [O(t)] in terms of the perturbations in the arterial and venous blood volume [ and , respectively] , and the difference between the perturbations in cerebral blood flow [ ] and cerebral metabolic rate of oxygen [ ] [2, 3] :
where ctHb is the concentration of hemoglobin in blood, is the baseline blood volume, is the ratio of capillary to large vessel hematocrit (Fåhraeus factor), S is the blood oxygen saturation,  is the rate constant of oxygen diffusion from blood to tissue, and the operator indicates a convolution product. Superscripts (a), (c), (v) 
where and are the capillary and venous blood transit times, and H(t) is the Heaviside unit step function [H(t) = 0 for t < 0; H(t) = 1 for t ≥ 0].
Model equations in the frequency-domain: Coherent hemodynamics spectroscopy (CHS)
The general time-dependent equations [Eqs. (1)- (2)] can be expressed in the frequency domain by replacing timevarying quantities with phasors (identified in bold face) defined by the amplitude and phase of the associated oscillations at a frequency , and by replacing convolution products with regular products. The frequency-domain equations are [2, 3] :
[ ]
where and are complex transfer functions [given by the Fourier transform of the impulse response functions of Eq. (3)] describing the capillary and venous low-pass (LP) effects. They are [2] :
Cerebral autoregulation
Cerebral autoregulation is a dynamic process that maintains a stable cerebral blood flow by regulating the vascular resistance in response to variations in perfusion pressure. Since autoregulation can only respond to relatively slow perfusion pressure changes, it may be modeled as a high-pass filter response to perfusion pressure changes. By considering blood volume changes as a surrogate for perfusion pressure changes, cerebral autoregulation may be described by the following relationships in the time domain and frequency domain: ,
,
where is a constant, (with and cutoff frequency and critical time constant for autoregulation), and the high-pass impulse response and transfer function (related by a Fourier trasformation) are given by:
A phasor representation of the oscillations of cerebral blood flow (cbf), cerebral blood volume (cbv), deoxyhemoglobin concentration (D), and oxy-hemoglobin concentration (O) provides a convenient illustration of their phase relationships. Figure 1 shows such a phasor representation in the presence and in the absence of cerebral autoregulation according to the model presented here. 
Coherent hemodynamics spectroscopy (CHS)
The frequency-domain equations allow for the quantitative analysis of frequency-resolved measurements of the amplitude and phase of cerebral hemodynamic oscillations measured with NIRS. Because of the requirement of a high coherence between the measured hemodynamic oscillations and the driving oscillatory physiological processes (for reliable phase measurements and for the applicability of transfer function analysis on which the hemodynamic model is based), this technique is called coherent hemodynamics spectroscopy (CHS) [2] . Figure 2 shows representative CHS spectra obtained from Eqs. (4) and (5) by using typical values for the model parameters [2] . The frequency of cerebral hemodynamic oscillations may be controlled by inducing them with paced breathing [4, 5] or with cyclic inflation-deflation of a pneumatic cuff placed around the subject's thigh [6] . 
Conclusion
The new model presented here provides a quantitative framework for the analysis of hemodynamic based neuroimaging methods such as fNIRS and fMRI [4, 7] . Furthermore, it can translate coherent hemodynamics spectra such as those of Fig. 2 into a set of physiological parameters related to the cerebral microvascular flow and autoregulation [5, 7] . This capability has been demonstrated in the clinical setting of a hemodialysis unit [6] . 
